Functional consequences of glycine mutations in the predicted cytoplasmic loops of P-glycoprotein.
Site-directed mutagenesis was used to investigate whether glycine residues in the predicted cytoplasmic loops play essential roles in the structure and function of human P-glycoprotein. Mutant cDNAs in which codons for each of the 20 glycine residues were changed to valine, were expressed in mouse NIH 3T3 cells and analyzed with respect to their ability to confer resistance to various drugs. Mutation of Gly-251, -268, -269, or -781 yielded mutant proteins which were unable to confer drug resistance in transfected cells. Each of these mutant P-glycoproteins had an apparent mass of 150 kDa, compared with 170 kDa for wild-type P-glycoprotein and the apparent mass was altered by endoglycosidase H digestion. These observations suggest that these mutant proteins were improperly processed so that they were located in the endoplasmic reticulum and were not targeted correctly to the plasma membrane. The in vivo processing of mutants Gly-269 to Val and Gly-781 to Val was temperature-sensitive. When cells expressing these mutants were grown at a lower temperature (26 degrees C), the mature 170-kDa form of P-glycoprotein was the major product. Substitution of glycine with alanine at positions 251, 268, 269, or 781 yielded mutants with structural and functional characteristics similar to wild-type enzyme. Mutation of Gly-141, 187, 288, 812, or 830 to Val, altered the drug resistance profile conferred by P-glycoproteins expressed in transfected cells. All five mutations increased relative resistance to colchicine or adriamycin, without altering relative resistance to vinblastine. These results demonstrate that glycines located in the cytoplasmic loops play important roles in structure and function of P-glycoprotein.